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Abstract 
 
After the primary researches on constructability issue which were implemented in 
United States, United Kingdom and Australia, more explorations were applied on that in 
order to assess this unique scientific fact in East Asian country of Malaysia. Based on the 
latest researches done on constructability concept in Malaysia, the most Critical 
Constructability Activities (CCAs) are defined according to amount of contractors’ 
participation in each activity and amount of gap between actual and potential effects of 
each of them on achieving the overall objectives of the construction projects with more cost 
and time savings and better quality which is the whole aim of a beneficial constructability 
activity. The present research aims to assess the current findings on CCAs in order to 
identify the types of contractors and projects which these CCAs are getting performed in 
and also the types of contracts is used in these CCAs. Finally it was found that there are 
some significant differences in amount of contractors’ involvement in CCAs among 
various considered independent variables. This study uses the former researches to help 
Malaysian construction stakeholders to find out the barriers of constructability 
implementation in building projects via giving more details on application of CCAs among 
different IVs. 
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1.  Introduction 
Hamid was one of the supervisors during construction of pyramids in Egypt. He suggested making the 
blocks smaller than the usual size in order to decrease amount of works needed for their installation. As 
the result, 23.8% of cost and 13.5% of time for construction of this historical pyramids reduced 
(ASCE, 1991). This procedure is called a constructability or buildability program. “In general, 
buildability is concerned with the influence that a designer may impart on ‘ease of construction’ on site 
whilst constructability, which is a management concept, should be installed into all stages in the total 
building process.” (Griffith & Sidwell, 1997). One of oldest and most famous definitions for 
constructability concept is what CII (Construction Industry Institute) has suggested: “the optimum use 
of construction knowledge and experience in the conceptual planning, design/engineering, 
procurement, and field operations phases to achieve the overall project objectives.” It is completely 
obvious that this definition insists on important duty of construction stakeholders in affecting on 
planners, designers or even suppliers (Wright & OBrien-Kreitzberg, 1994). There are so many 
definitions for this critical issue in old literatures. As an example, Ferguson (1989) also defined it as an 
attempt to build efficiently and economically whilst four years later, Hugo et al. (1990) defined 
constructability as “a measure of the ease or expediency with which a facility can be constructed.” 
Based on what is obtained from knowledge management, the knowledge are divided to two 
types of the knowledge which can be shown in written format and the tacit knowledge which only 
exists in minds (Nonaka & Takeuchi, 1995). As an example, Bambang Trigunarsyah (2004) showed 
that constructability issue was practiced in Indonesia even before there was any study done on this 
matter scientifically. 80% of constructability activities are in the minds of construction stakeholders 
(M. H. Pulaski & Horman, 2005), but in order to achieve the utmost use of knowledge, it should be 
applied at the right time and in the right place (M. H. Pulaski & Horman, 2005). Radtke M. W. and 
Russell J. S. (1993) also insisted on use of construction experience while mixing with project activities 
which can be obtained if constructability is inserted into the earlier project phases. 
Constructability or buildability are the terms which can be considered as the final objectives of 
the projects as well as eminence, performance, authentic or impacts (Ferguson, 1989; Thomason et al., 
2003). The building contractors are among the most supreme positions in implementing 
constructability activities in different phases of construction projects which can reduce any delays or 
modifications (Nima et al., 2001). Constructability can ease both construction or deconstruction of the 
projects (M. Pulaski et al., 2004). Any type of suggestion made by construction stakeholders during the 
earlier stages of projects can be a good guidance in order to consider deconstruction stage (Herman et 
al., 2003). 
Constructability activities use the previous project’s experiences to provide more well-
organized construction inputs and make value engineering more victorious (Wright & OBrien-
Kreitzberg, 1994). 
ASCE (1993) knows collaboration, creativity, brain storming, new ways of implementation and 
integration of projects as the main aims of a constructability program. Doing such an activity is not 
always easy as it is trying to make lots of modifications in old methods of construction and inventing 
new methods or ways of implementations. (Uhlik & Lores, 1998). 
“Buildability is an abstract concept that can underpin the sustainable development of building 
designs as long as the factors affecting it are identified and clearly defined.” (Wong et al., 2006). This 
term is typically delayed or avoided by different construction stakeholders because of various project 
delivery procedures, deviated aims of designers, planners or builders, modifications in building scheme 
and at last inadequate understanding of designers from construction desires and requirements (Fischer, 
1991). 
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2.  Current Practices in Malaysia 
Nima, M. A. and Abdul-Kadir et al. (2001) and Rosli M. Z. (2004) are among the pioneers of studying 
constructability issue in Malaysia who focused mostly on design phase. Checking the performance of 
construction technology in any country especially developing countries via studying constructability 
issue as a unique concept is an important matter based on what Bambang Trigunarsyah (2004) 
mentioned on his reseach. He broadened the constructability concept on his researches to 26 detailed 
activities as the latest version. E. Saghatforoush (2009) assessed these activities based on amount of 
Malaysian building contractors’ participation and also amount of gap between target and actual effects 
of each activity on overall objectives of the building projects. He illustrated the activities with higher 
amount of contractors’ involvement and larger amount of gaps as CCAs. These activities include: 
1. Preparation of schedule estimates and budget 
2. Study construction method that may improve constructability of the project 
3. Review and select constructability issues which are most important to the project including the 
need for special studies 
4. Provide means to monitor constructability improvement 
5. Make timely input to design to avoid the need for changes 
6. Carefully analyze the layout, access, and temporary facilities to improve productivity 
7. Plan the sequence of field tasks to improve productivity 
8. Use hand tools that reduce labour activities, increase mobility, accessibility, safety or reliability 
E. Saghatforoush (2009) recommended that future researches should concentrate more on 
CCAs in order to find their specific barriers and also barrier breakers which can reduce the calculated 
gaps between target and actual effects of each activity on attaining the general aims of the projects. 
This research aims to assess these CCAs more in order to find out what type of contractors, 
contracts and projects are mostly involved in CCAs. Then it tries to check whether there is any 
significant difference in amount of Malaysian building contractors’ participation in CCAs among 
different independent variables or not. The significance of this study is clear when it shows awareness 
of Malaysian contractors toward participation in CCAs. It shows the contractors’ involvement in CCAs 
in different types of categories and finally seeks to find out the differences in their participation based 
on various types of independent variables. 
819 G7 building contractors were among the potential respondents of this research who where 
active during the year 2007 in Kuala Lumpur city as the capital city of Malaysia and its surrounding 
districts. 
 
 
3.  Development of Questionnaire 
Different literatures have expressed that questionnaire surveys is among the best methods of data 
collection as it can reach a large number of responses in various locations in a shorter time and with 
lower price and less attempt in compare to other methods (Adams & Schvaneveldt, 1985; Baker, 1988; 
Fowler, 1984; Sekaran, 2000; Zikmund, 2000). Adams and Schvaneveldt (1985) think most of 
researchers select questionnaire survey as their method because of its effective flexibility and usage 
which causes more reliable results. 
Standard rules which are traced in designing the present research questionnaire are all based on 
different research method books (Adams & Schvaneveldt, 1985; Baker, 1988; Fowler, 1984; Sekaran, 
2000; Zikmund, 2000). In this research, 5-scale Likert type which is one of the accepted methods of 
measuring attitudes toward independent variables is used. It is much simpler for researcher to 
administrate this method in exploring the contractor’s attitudes toward constructability activities. 
Managing directors of Malaysian building contractors have filled in the questionnaire forms of 
this survey and any responses received from any other unrelated respondents are not considered at the 
research. This is only to assure the strength and consistency of analyses. 
The present research questionnaire is comprised of two parts. The initial part of questionnaire is 
to find out some general information about respondents. The second part comprises two main columns 
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of amount of contractor’s involvement in constructability activities and also contractor’s opinion on 
target and actual effects of each constructability activity on attaining the objectives of the plan 
according to their experiences (See the appendix). The respondents should only tick their suitable 
responses in each 5-scale Likert type designed column. 
 
 
4.  Sampling 
Berenson and Levine (1996) have mentioned that each researcher can define the sample size based on 
its specific case of selection and also based on the research limitation of time and budget. Berenson and 
Levine (1996) and also (Zikmund, 2000) offered the following sample size formula on their books: 
2
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Where: 
n0 : First estimate of sample size 
Z2 : Square of confidence level in standard error units 
p : Estimated proportion of success 
q : Estimated proportion of failure, or (1 – p) 
v2 : Square of the maximum percentage of allowance for error 
n : Sample size 
S : Standard Deviation of Pre-test 
n1 : Pre-test sample size 
“Systematic sampling is perhaps the most widely known selection procedure. It is commonly 
used and simple to apply; it consists of taking every Kth sampling unit after a random start” (Kish, 
1995). The sampling can be calculated as below: 
n
NK =  (3) 
Where: 
K : Sampling interval 
N : Population Size 
n : Sample size 
CIDB (Construction Industry Development Board) has announced that 819 G7 (Level-A) 
building contractors have been active in Kuala Lumpur city as the capital city of Malaysia and its 
suburb districts on the year 2007. Based on the sample size formula N=106 is calculated. The response 
rate is not always 100% and usually it is much more less than this percentage (Al-Yousif, 2001), so 
117 companies were selected by the researcher as the sample size and questionnaires were posted to 
them immediately. K=7 is calculated based on formula 3, so each 7th contractors are selected as the 
research goal respondents. In order to analyze the gathered responses, both descriptive and statistical 
analyses are implemented. 
 
 
5.  Results and Interpretation 
The latest research on constructability concept done in Malaysia by E. Saghatforoush (2009) explored 
the CAs based on amount of contractors’ participation in each activity and also the gap between target 
and actual effect of CAs on achieving the overall objectives of the project. After finding 8 CCAs out of 
26 CAs, the researcher has gone through them in order to find the most critical contractors who are 
performing their jobs in these CCAs, then to select the most critical projects that these CCAs are 
getting performed in and finally the most critical contracts. 
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To achieve the stated aim, Table 1 is designed to measure the average amount of contractors’ 
involvement in each CCA based on their type of contractor, type of contractual approaches and finally 
based on their type of contracts. 
Results obtained from the participants who are shown in highlighted columns in Table 1 are not 
considered in analyses of the present research as the numbers of participants of these groups are just a 
few and not enough to guarantee the reliability of the achieved results. 
The columns which show average amount of contractors’ involvement according to their type 
of contractors in Table 1 illustrates that average amount of sub-contractors’ involvement (74%) in 
CCAs is much more than this amount among the main-contractors (58%). This noteworthy difference 
in percentage of contractors’ involvement can be seen in all CCAs except in Activity-6. This 
consistency of the result for most of CCAs proves the strength of study. Sub-contractors are found to 
be more critical than the other one, as the average amount of involvement for this type of contractors is 
much more than main-contractors in all CCAs. As the result, defining the barriers of implementing 
CCAs among these kinds of contractors and trying to find the suitable barrier breakers can have better 
influences on leading the project to the right direction. 
Based on the columns which show the average amount of contractors’ involvement according 
to their type of projects in the mentioned table, these CCAs are mostly getting performed in residential 
buildings (73%). The other types of building projects of commercial (59%) and institutional (60%) 
have the average amount of contractors’ involvement with almost the same percentages. Industrial 
building projects have the lowest percentage (51%) among all. The large difference between residential 
building percentage and the other types of projects can be seen in all CCAs except in Activity-20. This 
consistency of the result for most of CCAs proves strength of this study. Among four considered types 
of projects, residential building projects are found to be the most critical type of projects because the 
average amount of contractors’ involvement in this type of projects is more than the other types. As the 
result, CCAs are mostly performed in residential buildings rather than the other kinds of building 
projects. 
Based on the columns which show average amount of contractors’ involvement according to 
the types of contracts in Table 1, traditional (61%) and turnkey (63%) contract types have almost the 
same percentages. Then it was found that there is a considerable difference in percentage of 
contractors’ involvement only in two activities of number 17 and 20, out of 8 CCAs. As the result, 
average amount of contractors’ involvement in traditional and turnkey contracts as the two considered 
types of contracts in Malaysia is approximately the same in most of CCAs, so none of them are 
selected as the critical type of contract. 
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Table 1: Degree of involvement for each critical constructability activity according to various types of 
contractors, projects and contracts 
 
Average Amount of Involvement (%) 
Type of Contractor Type of Project Type of Contract 
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6 Preparation of schedule, estimates and budget 53 55 83 44 58 75 36 53 52 53 75 75 
17 Study construction method that may improve constructability of the project 58 75 92 53 58 74 64 61 59 68 0 90 
18 
Review and select constructability issues 
which are most important to the project 
including the need for special studies 
52 70 83 46 29 72 64 56 57 55 0 90 
19 Provide means to monitor constructability improvement 53 66 83 51 42 68 52 58 57 56 0 80 
20 Make timely input to design to avoid the need for changes 51 68 83 49 50 62 64 53 51 63 0 80 
21 Carefully analyze the layout, access, and temporary facilities to improve productivity 69 86 83 81 58 87 61 64 73 75 0 85 
22 Plan the sequence of field tasks to improve productivity 67 91 83 78 54 82 66 68 73 74 0 80 
23 
Use hand tools that reduce labour activities, 
increase mobility,accessibility, safety or 
reliability 
59 80 75 71 54 67 70 55 65 62 0 85 
Average 58 74 83 59 51 73 60 58 61 63 9 83 
 
5.1. Contractors’ Involvement in Each CCA among Different Types of Contractors 
The T-Test is performed in order to explore how these CCAs are done by different types of contractors 
which are only main-contractors and sub-contractors. As it was mentioned earlier, the “Other” group is 
not considered in this analysis because of the few numbers of participants in this group. Table 2 
summarizes the results of T-Test analysis and the significance level for each CCA. This table shows 
that there is no significant difference in average amount of contractors’ involvement in all CCAs 
between main-contractors and sub-contractors who participated in this survey, because all the 
significance levels are more than α=0.05. 
 
Table 2: T-Test method results for CCAs among various types of contractors 
 
T-Test Method Activity 
No. Critical Constructability Activity T-Value Significance level 
6 Preparation of schedule, estimates and budget 0.859 0.394 
17 Study construction method that may improve constructability of 
the project 
0.090 0.928 
18 Review and select constructability issues which are most 
important to the project including the need for special studies 
0.043 0.966 
19 Provide means to monitor constructability improvement 0.950 0.346 
20 Make timely input to design to avoid the need for changes 0.256 0.799 
21 Carefully analyze the layout, access, and temporary facilities to 
improve productivity 
0.415 0.679 
22 Plan the sequence of field tasks to improve productivity -0.459 0.648 
23 Use hand tools that reduce labour activities, increase mobility, 
accessibility, safety or reliability 
-0.098 0.922 
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5.2. Contractors’ Involvement in Each CCA among Different Types of Projects 
The ANOVA analysis is utilized in order to explore how these CCAs are imlemented in the four 
considered types of projects consists of commercial (group-1), industrial (group-2), residential (group-
3) and institutional (group-4). Table 3 illustrates the results of ANOVA analysis and also the 
significance level for each CCA. This table demonstrates that there is a significant difference in 
average amount of contractors’ involvement at CCAs number 17, 18 and 20 which their significance 
level are less than α=0.05 among the various types of projects. 
 
Table 3: ANOVA method results for CCAs among various types of Projects 
 
ANOVA Method Activity 
No. Critical Constructability Activity F-Value Significance level 
6 Preparation of schedule, estimates and budget 1.359 0.266 
17 Study construction method that may improve constructability of 
the project 
3.002 0.039 
18 Review and select constructability issues which are most 
important to the project including the need for special studies 
3.837 0.015 
19 Provide means to monitor constructability improvement 1.948 0.134 
20 Make timely input to design to avoid the need for changes 2.715 0.045 
21 Carefully analyze the layout, access, and temporary facilities to 
improve productivity 
1.713 0.176 
22 Plan the sequence of field tasks to improve productivity 0.575 0.634 
23 Use hand tools that reduce labour activities, increase mobility, 
accessibility, safety or reliability 
1.300 0.285 
 
Then Post Hoc Test is utilized in order to determine which pair of projects’ types has this 
significant difference. The obtained information from running SPSS program (See Tables 4 and 5) 
shows this significant difference for the CCAs number 17 and 18 are among groups 1-3, 1-4, 2-3 and 
2-4. It means that this significant difference can be seen between each pairs of commercial-residential, 
commercial-institutional, industrial-residential and finally industrial-institutional. After that this 
significant differences can be seen in Activity-20 among groups 1-4, 2-3 and 2-4. It means this 
significant difference is among each pairs of commercial-institutional, industrial-residential, and 
industrial-institutional. 
 
Table 4: Post Hoc Results for Activities 17 and 18 
 
Project Type Commercial Industrial Residential Institutional 
Commercial     
Industrial     
Residential     
Institutional     
 
Table 5: Post Hoc Results for Activity 20 
 
Project Type Commercial Industrial Residential Institutional 
Commercial     
Industrial     
Residential     
Institutional     
 
5.3. Contractors’ Involvement in Each CCA among Different Types of Contracts 
The T-Test is utilized once more in order to explore how these CCAs are performed in different types 
of contracts which are only Traditional and Turnkey. As it was mentioned earlier, the “Build-Operate-
Transfer” and “Other” groups are not considered in this analysis because of the few numbers of 
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participants in these groups. Table 6 illustrates the results of T-Test analysis and also the significance 
level for each CCA. This table shows that there is no significant difference in average amount of 
contractors’ involvement in all CCAs between the two considered types of contracts in this survey, 
because all the significance levels are more than α=0.05. 
 
Table 6: T-Test method results for CCAs among various types of contracts 
 
T-Test Method Activity 
No. Critical Constructability Activity T-Value Significance level 
6 Preparation of schedule, estimates and budget -0.664 0.509 
17 Study construction method that may improve constructability of 
the project 
-1.272 0.208 
18 Review and select constructability issues which are most 
important to the project including the need for special studies 
0.412 0.682 
19 Provide means to monitor constructability improvement -0.006 0.995 
20 Make timely input to design to avoid the need for changes -1.647 0.104 
21 Carefully analyze the layout, access, and temporary facilities to 
improve productivity 
-0.429 0.699 
22 Plan the sequence of field tasks to improve productivity 0.170 0.866 
23 Use hand tools that reduce labour activities, increase mobility, 
accessibility, safety or reliability 
0.521 0.604 
 
 
6.  Conclusions and Recommendations 
For a better project leadership, barriers and barrier breakers of CCAs’ implementation should be found 
and explored in detail. The research shows that the involvement of Malaysian G7 building contractors 
has not reached to an acceptable amount especially the main-contractors. These contractors have been 
involved mostly in residential building projects which illustrates this type of project is more critical 
than the others regardless of its type of contract. 
It is also found that the only significant difference in amount of contractors’ involvement in 
CCAs among different considered independent variables is only among some types of projects and 
specifically in the following activities: 
1. Study construction method that may improve constructability of the project. 
2. Review and select constructability issues which are most important to the project including 
the need for special studies. 
3. Make timely input to design to avoid the need for changes. 
It is recommended that future researches concentrate more on the CCAs in order to find their 
specific barriers and also barrier breakers which can decrease the calculated gaps between target and 
actual effects of each activity on attaining the general aims of the project. Establishing a 
constructability research institute in Malaysia also can help the researchers to gather all experiences 
achieved from implementing constructability activities in different types of projects and will result in 
valuable savings in construction projects and more satisfied clients. 
The owners as the pioneers of implementing construction projects should let the general 
contractors enter the earlier stages and utilize their construction experience in order to help the 
designers to create the most precious plans. This can prevent any probable mistake in design 
procedure. Implementing the construction projects not in traditional type of contract can assist to 
achieve this goal as well. 
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Appendix: Questionnaire Form 
 
PART-A: PLEASE fill in your general information, then ONLY TICK (√) ONE CHOICE in each of 
the following 3 questions! 
 
General Information: 
Name: ............................................................................................. 
Position: .......................................................................................... 
Company: ........................................................................................ 
Phone No: .....................................................             Fax No: ....................................................................................... 
E-mail Address: ............................................................................... 
PLEASE specify the name of your last project on 2007: ........................................................................................... 
Now please tick your choice in the following 3 question according to your experience in your LAST PROJECT ON 2007: 
1. What best describe your company in your last project: 
 Main Contractor  Sub-Contractor (Please specify what type of Sub-Contractor you are:.....................................................) 
 Other (Please specify: ...................................)  
2. Type of project your company worked in your last project: 
 Comercial  Industrial 
 Residential  Institutional (Hospital, Library, etc.) 
 Other (Please specify: ...................................)  
3. Type of contractual approach your company performed work in your last project: 
 Traditional (Separate design and build)  Turnkey / Design and Build 
 Build-Operate-Transfer  Other (Please specify: ....................................) 
 
PART-B: In the next page some of constructability activities are listed according to different phases of 
a project. 
First you are asked to determine how much you yourself have been involved in these activities. 
PLEASE tick (√) your appropriate response! 
 
100% if you have been involved COMPLETELY in that specific activity. 
75% if you have been involved MORE THAN HALF of that specific activity. 
You may tick 50% if you have been involved HALF of that specific activity. 
25% if you have been involved LESS THAN HALF of that specific activity. 
0% if you have NOT been involved in that specific activity. 
 
Then you are asked to determine how much expected Target Effect and Actual Effect that 
specific activity have had on achieving the overal goals of your or other people’s project you work 
with. PLEASE tick (√) your appropriate response! 
TARGET EFFECT and ACTUAL EFFECT are considered with the following definitions: 
TARGET EFFECT = The relative expected effect of applying the constructability activity on 
achieving the overal objectives of the project. 
ACTUAL EFFECT = The degree of success you or others you work with have had in 
applying the constructability activity. 
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5 in case the effect is VERY HIGH. 
4 in case the effect is HIGH. 
You may tick 3 in case the effect is MEDIUM. 
2 in case the effect is LOW. 
1 in case the effect is VERY LOW. 
 
How much have you been involved? 
(%) TARGET Effect ACTUAL Effect 
Constructability Activity 0% 25% 50% 75% 100% Very Low Low Medium High 
Very 
High 
Very 
Low Low Medium High 
Very 
High 
Advice owner in the establishment of 
the project goals and objectives 
               
Execution of feasibility studies and 
advice in selection of site 
               
Advice owner in the contracting 
strategy 
               
Suggest structural systems                
Selection of major construction 
method and materials 
               
C
on
ce
pt
ua
l P
la
nn
in
g 
Preparation of schedule, estimates and 
budget 
               
Analyze the design to enable efficient 
construction 
               
Review and advice accessibility of 
personnel, material and equipment 
               
Analyze/revise specifications to allow 
easy construction 
               
Advice design team about sources of 
materials and engineered equipment 
               
Analyze/promote designs that 
facilitate construction under adverse 
weather conditions 
               
D
es
ig
n 
an
d 
Pr
oc
ur
em
en
t 
Preparation of schedule, estimates and 
budget 
               
Carefully assign appropriate 
construction personnel who has the 
required experience and team 
approach to the project team 
               
Attach the construction personnel 
(representatives) to or locate them in 
close physical proximity to the design 
team 
               
Pro-actively involved in developing 
project plans 
               
Use pre-construction plans as a basis 
for input to design 
               
Study construction method that may 
improve constructability of the project 
               
Review and select constructability 
issues which are most important to the 
project including the need for special 
studies 
               
Provide means to monitor 
constructability improvement 
               
Pr
e-
C
on
st
ru
ct
io
n 
Make timely input to design to avoid 
the need for changes 
               
Carefully analyze the layout, access, 
and temporary facilities to improve 
productivity 
               
Plan the sequence of field tasks to 
improve productivity 
               
Use hand tools that reduce labor 
activities, increase mobility, 
accessibility, safety or reliability 
               
Customize or upgrade your 
construction equipment to improve 
productivity 
               
Use innovative construction 
equipment 
               
C
on
st
ru
ct
io
n 
Use modularization/pre-assembly 
works 
               
 
